C oronary heart disease (CHD) is a major contributor to morbidity and mortality in the United States. As of 2010 over 15 million individuals had a history of CHD and 7.6 million had suffered a myocardial infarction (MI). 1 Despite an overall decline in the incidence of MI in the last few decades, the rate of this decline varied by race/ethnicity, sex, age, geographic region, and socioeconomic strata. [2] [3] [4] [5] [6] [7] [8] Racial and ethnic differences in the prevalence of traditional CHD risk factors (eg, hypertension, diabetes, obesity, smoking, and dyslipidemia) [9] [10] [11] [12] contribute to the observed disparity; however, the role of "non-traditional" risk factors in these disparities is garnering increasing attention. Emerging evidence indicates that chronic exposure to psychological stress/stressors plays a central role in the pathophysiology of CHD through activation of physiologic processes involving the hypothalamic-pituitary-adrenal axis, sympathetic-parasympathetic systems, and inflammatory cascades. [13] [14] [15] [16] Moreover, psychosocial risk factors may also be directly related to CHD through their associations with behavioral risk factors (eg, smoking, physical activity, and diet), 17, 18 and indirectly via neurohormonal and inflammatory processes. 19 In fact, stress may be an important contributor to the longobserved associations between lower socioeconomic status (SES) and CHD and mortality outcomes. [20] [21] [22] [23] While persons of low SES have higher prevalence of traditional cardiovascular disease (CVD) risk factors such as smoking and diabetes, adjusting for risk factors does not entirely attenuate the association between SES and CHD and mortality outcomes. 25 People living in poverty demonstrate physiologic evidence of chronic stress, 26 but the relationship between stress and CHD outcomes and death have not often been examined longitudinally. These relationships are particularly relevant for US nonHispanic blacks, a minority whose members disproportionately live in poverty and who have higher risks for CHD and death than majority non-Hispanic whites. 3, 27 Prior studies have explored racial differences in post-MI outcomes 28 and the association of perceived stress in recurrent MI. 29 Although prior prospective studies have assessed the contribution of stress to the incidence of CHD, many of these studies were conducted among non-US populations or did not include sufficient diversity to draw conclusions about racial and socioeconomic disparities. [30] [31] [32] [33] 
Methods

Setting and Study Population
The REGARDS study is a prospective study intended to determine the causes for the excess stroke mortality in the southeastern United States (ie, the stroke "belt" and "buckle") and among blacks through targeted recruitment of participants from specific age/race/geographic strata from January 2003 to October 2007. It recruited 30 239 community dwelling participants (42% blacks and 55% women) residing in the continental United States. 35 This study used data from REGARDS-MI, an ancillary study of REGARDS, which adjudicates all heart-related events and merges these data with the existing REGARDS data. Baseline data collection for REGARDS was completed using computer-assisted telephone interviews to collect medical history, functional status, health behaviors, and psychosocial measures. In-home examinations were conducted by trained health care professionals using standardized, quality-controlled protocols to collect physiologic measures (blood pressure [BP] , height and weight, waist circumference), blood and urine samples, electrocardiograms (ECGs), and medication use by pill bottle review. Blood and urine samples were centrally analyzed at the University of Vermont. ECGs were centrally analyzed at Wake Forest University. Living participants or their proxies were followed up every 6 months by telephone with retrieval of medical records for reported hospitalizations. Deaths were detected by report of next-of-kin or through online sources (eg, Social Security Death Index) or the National Death Index. Proxies or next-ofkin were interviewed about the circumstances surrounding death including the presence of chest pain. Death certificates, medical records, and autopsy reports were obtained to adjudicate cause of death, and cardiovascular outcomes were adjudicated using methods previously described. 4 Briefly, definite MIs were those with diagnostic cardiac enzymes or ECG. Probable MIs were those with elevated but not diagnostic (ie, equivocal) enzymes with a positive but not diagnostic ECG or, if enzymes were missing, with a positive ECG in the presence of ischemic signs or symptoms. Only definite or probable MIs were included as events in this study. Cases were assigned to 2 adjudicators, and disagreements were adjudicated by committee. The test for agreement between adjudicators yielded a j statistic >0.80 for the presence of definite or probable MI or definite or probable acute CHD death. The study protocol was reviewed and approved by the institutional review boards at the participating institutions, and all participants provided informed consent. For this study, we examined REGARDS participants without CHD at baseline (defined as a self-reported history of MI, coronary artery bypass surgery, percutaneous coronary intervention, or evidence of MI on ECG). Events through December 31, 2009, were included in this analysis; at that time, 9.5% of the original sample was lost to follow-up.
Study Variables
Our dependent variables were incident total CHD (defined as definite or probable MI or definite or probable acute CHD death), incident fatal CHD (definite or probable acute CHD death), and all-cause mortality from study entry through December 31, 2009 . Since revascularization procedure utilization differs markedly by race 36 and racial differences were of interest, we did not include coronary revascularization in the primary analysis but included them as part of a sensitivity analysis. Our primary independent variable was baseline perceived stress, as assessed by a 4-item version of the PSS. 34 The PSS measures over the past month the degree to which respondents feel they were unable to control important things in their life, their confidence in their ability to handle personal problems, how often they felt they could not cope with all the things they needed to do, and how often difficulties were overwhelming, scored using a 5-point scale (0=never, 1=almost never, 2=sometimes, 3=fairly often, 4=very often), with final scores ranging from 0 to 16. Because of the skewed distribution of the PSS score and lack of defined cut-points, it was categorized into approximate quartiles of no stress (PSS score=0), low stress (score 1 to 2), moderate stress (scores 3 to 4), and high stress (scores 5 to 16 
Statistical Analysis
Summary statistics were calculated for baseline characteristics overall and across PSS quartiles. Associations between characteristics were tested in unadjusted analyses using the v 2 test of association for categorical characteristics and ANOVA for continuous characteristics. We calculated crude incidence of acute CHD, fatal CHD, and all-cause death by income group, since we observed a significant interaction for income. We examined the cumulative incidence of acute CHD and all-cause mortality by high (score 5 to 16) and no (score 0) stress quartiles by income group using Kaplan-Meier survival curves, omitting the low and medium stress categories to facilitate comparison. A Wilcoxon test of equality was performed to test differences in cumulative incidence among the 4 stress-income groups (high stress and low income, no stress and low income, high stress and high income, and no stress and high income), and the P value was reported for each outcome. We used Cox proportional hazards models to examine the association of perceived stress with incident CHD, incident fatal CHD, and all-cause mortality. Incident nonfatal CHD and fatal CHD are mutually exclusive events; therefore, in analyses of incident fatal CHD, nonfatal CHD events were censored at their event date. The assumptions of proportionality were met and there were no time-dependent variables. Models were constructed incrementally to examine changes in the hazard ratios (HRs) for each quartile of perceived stress score compared with the quartile of lowest stress as covariates were added. Model 1 adjusted for age, sex, race, education, region, and urban/rural status. Model 2 added to the model 1 covariates systolic blood pressure, antihypertensive medication use, total cholesterol, HDL cholesterol, statin use, and diabetes. Model 3 added to the model 2 covariates smoking, exercise, alcohol use, and body mass index. To explore potential effect modification, interaction terms for stress9age, stress9sex, stress9race, stress9 education, and stress9income were placed separately into fully adjusted models. We observed no significant interaction for age, sex, race, or education, but the P value for the stress9income interaction was significant (overall CHD P=0.09, fatal CHD P=0.03, all-cause mortality P=0.07). Splines indicated that effect modification occurred above and below an income of $35 000; thus, the analysis was stratified on this level of income. More than 12% of participants (n=3031) declined to provide information on income, and an additional 15.1% (n=3680) had missing laboratory or survey elements, resulting in a total of 6711 with missing data; therefore, we used multiple imputation to estimate missing covariate information using chained equations with 30 data sets. 38, 39 Statistical significance for all analyses was P<0.05. We conducted a sensitivity analysis with cardiac revascularization included in the CHD outcomes using the same modeling procedures as previously described. We also conducted all analyses excluding the individuals who declined to report their income. All analyses were conducted using SAS version 9.2 (SAS Institute, Inc) and Stata version 12 (StataCorp).
Results
Sample Characteristics
After excluding subjects with CHD at baseline and missing data for the PSS, 24 439 participants were eligible for this analysis. As of December 31, 2009, 444 first definite or probable nonfatal MIs and 215 first definite or probable fatal CHD events were adjudicated for a total of 659 incident CHD events. There were 1620 deaths from any cause. Baseline characteristics of the study sample overall and by PSS category are shown in Table 1 . Participants who reported high stress were more likely to be women, black, and residents of the stroke belt or buckle compared with participants in the other stress categories. More participants reporting high stress were college graduates; smoked currently; did not exercise weekly; and had high cholesterol or diabetes or were obese. In addition, >50% of participants reporting high stress reported an annual household income of <$35 000. Of note, 3529 (35.4%) of individuals reporting income of <$35 000 also reported high stress, whereas 2524 (22.1%) of those reporting income of ≥$35 000 did so (Figure 1) . Furthermore, there were disproportionate distributions of PSS across race-sex categories when stratified by income. Among the low-income participants, black men (33.5%) and women (40.9%) and white women (34.0%) had higher proportions in the high-stress strata compared with white men (26.5%).
Risks for Incident Total CHD, Incident Fatal CHD, and All-Cause Mortality
Cumulative incidences of total CHD (Figure 2A ), fatal CHD ( Figure 2B ), and all-cause mortality ( Figure 2C) were significantly different between the stress-income groups. As seen in Figure 2 , individuals with low income reporting high stress had the highest cumulative incidence for all 3 outcomes, followed by those with low income reporting low stress. For all 3 outcomes, those with high income had cumulative incidence that was lower than either stress group for individuals reporting low income. Although the Kaplan-Meier curves for those with high income and high stress are below those with Figure 2 . Cumulative incidence Kaplan-Meier graphs for (A) incident total CHD, (B) incident fatal CHD, and (C) all-cause mortality comparing participants that reported high stress (PSS=5 to 16) to participants that reported no stress (PSS=0). A Wilcoxon test of equality was performed and the P-value is reported. CHD indicates coronary heart disease; PSS, perceived stress scale.
high income and low stress, the multivariable adjusted results presented in Table 2 suggest that this difference is not statistically significant once differences in patient characteristics are accounted for. Although there were fewer individuals reporting low income than high income, the group with lower income accounted for substantially more events. Among those reporting income of <$35 000, there were 131 fatal incident CHD events, 333 total incident CHD events, and 953 deaths, whereas among those reporting income of ≥$35 000, there were 61 fatal incident CHD events, 247 total incident CHD events, and 429 deaths ( Table 2) . The results of the multivariable analysis testing the associations of perceived stress and incident total CHD, fatal CHD, and all-cause mortality stratified by income group are also presented in Table 2 . Risks for individuals in the low-, moderate-, and high-stress categories were compared with those with no stress. Among participants reporting income of <$35 000, the HR for incident total CHD was 1.36 (95% CI 1.04 to 1.78) for the high-stress compared with the no-stress group in models adjusting for sociodemographic characteristics (model 1) and 1.29 (95% CI 0.99 to 1.69) in the model adjusting for all covariates (model 3). Among participants reporting income of ≥$35 000, the HR for incident total CHD was 0.82 (95% CI 0.57 to 1.16) for the high-compared with the no-stress group in model 1 and 0.80 (95% CI 0.56 to 1.14) in model 3.
Stress was not statistically significantly associated with incident fatal CHD in demographic or fully adjusted models for either income category, but the point estimates were remarkably similar to those for incident total CHD (Table 2) . Among participants reporting income of <$35 000, the HR for incident fatal CHD was 1.35 (95% CI 0.86 to 2.11) for the high-compared with the no-stress group in model 1 and 1.27 (95% CI 0.81 to 1.99) in model 3. Among participants reporting income of ≥$35 000, the HR for incident fatal CHD was 0.70 (95% CI 0.34 to 1.40) for the high-compared with the no-stress group in model 1 and 0.67 (95% CI 0.33 to 1.34) in model 3.
Among participants reporting income of <$35 000, the HR for all-cause mortality was 1.65 (95% CI 1.40 to 1.94) for the high-compared with the no-stress group in model 1 and 1.55 (95% CI 1.31 to 1.82) in model 3 ( Table 2 ). Among participants reporting income of ≥$35 000, the HR was 1.20 (95% CI 0.93 to 1.55) for the high-compared with the nostress group in model 1 and 1.13 (95% CI 0.88 to 1.46) in the model 3.
The sensitivity analysis including coronary revascularization (eg, percutaneous coronary intervention or coronary artery bypass grafting) in the CHD outcome showed similar associations as for incident total CHD (Table 3 ). There were 461 total CHD or revascularization outcomes for those with income of <$35 000 and 414 for those with income of ≥$35 000. The fully adjusted HR for the high-compared with the no-stress group was 1.20 (95% CI 0.96 to 1.52) for those with income of <$35 000, and it was 0.88 (95% CI 0.67 to 1.16) for those with income of ≥$35 000.
We conducted a sensitivity analysis excluding those who did not report income and had missing covariates (Table 3) . The results were generally similar, although CIs were consistently wider and the fully adjusted HR for incident total CHD was higher and statistically significant (HR 1.44 [95% CI 1.05 to 1.98] for the complete case analysis versus HR 1.29 [95% CI 0.99 to 1.69] for the analysis using multiple imputation to replace missing data).
Discussion
In this study of REGARDS participants, high perceived stress was associated with incident total CHD and all-cause mortality among low-but not high-income participants. These results persisted for all-cause mortality even after adjustment for demographic, clinical, and behavioral characteristics, and the findings showed a trend for significance after full adjustment for incident total CHD (P=0.06). There was no evidence that these findings differed by race or sex, thus suggesting that stress may be an important mechanism contributing for the observed higher risks for worse CVD and mortality outcomes among individuals with low income.
The relationship between stress and CHD or mortality outcomes by income has not been widely examined. Our findings are consistent with a recent study of the Health Survey for England that also showed stronger effects of psychological distress on all-cause and CHD mortality among lower occupational classes compared with higher occupational classes. 40 The incidence of CHD was not examined in that study. In our study, among low-income participants, only the highest level of perceived stress was associated with an increased hazard for incident total CHD, and a trend for significance remained after adjustment for all covariates. The association of perceived stress with allcause mortality showed more of a dose-response pattern of progressively increasing hazard with each level of increased stress among low-income participants. Prior research has shown that low SES is an independent risk factor for incident CHD and that the Framingham risk score underestimates CHD risk in low-income populations. [41] [42] [43] Taken together, these findings suggest that stress may be an important contributor to CHD and mortality disparities long observed for individuals with low income relative to those with higher income. Our findings have implications for efforts to eliminate racial disparities in health outcomes. In our study, we did not observe statistically significant interactions between Continued stress and race and stress and sex for any of the outcomes. However, blacks and women were disproportionately represented in the low-income/high-stress strata compared with whites in our study, reflecting similar distributions nationally. 44, 45 Prior research shows that exploring the interplay of race, SES, and stress found that as income increases among blacks and whites, psychological distress decreases, and this is especially true for blacks. However, there was no significant difference between blacks and whites at the lowest income levels. 44 Thus, race may be associated with an increased risk of being low income and therefore experiencing a high level of stress, but the impact of high stress on health is primarily dependent on income. Much attention has been given to the disproportionate burden of modifiable CVD risk factors such as hypertension, smoking, and obesity among blacks. [46] [47] [48] Emerging data suggest that stress in low-income blacks may also be a potentially modifiable risk factor through behavioral interventions such as transcendental meditation.
49
While REGARDS-MI is a prospective study with a large biracial cohort and expert adjudication of outcomes, this study is not without limitations. Although the ability to draw causal inferences is limited, the prospective nature of the study did allow for the measurement of perceived stress and other covariates as antecedents to the defined outcomes. However, because stress and income were ascertained at a single time point, we were not able to explore the potential impact of changes in stress and/or income over time. Furthermore, the limitations of self-reported variables are well known leading to possible misclassification and reporting biases, a problem that is common among all epidemiologic studies. Medical records are retrieved to identify and adjudicate incident events detected during follow-up; not all events may be detected this way, and some records are inevitably not able to be retrieved. Also, REGARDS used an abbreviated version of the PSS, which, though validated, has modestly lower internal reliability (Cronbach's a=0.60) when compared with the 10-and 14-item versions (Cronbach's a=0.78 and 0.75, respectively). 50 However, recent studies have shown that higher stress as measured by the 4-item PSS is associated with poorer health outcomes including higher 2-year mortality post-MI 29 in a US cohort, higher postnatal depression and lower quality of life among Canadian women, 51 and increased asthma morbidity across a 1-year follow-up among US inner-city asthmatics. 52 Furthermore, a very recent publication exploring the association of the 4-item PSS with high blood pressure among a French cohort showed perceived stress was negatively associated with high blood pressure among individuals of high occupational status but positively associated among those of low status or unemployed. 53 In addition, similar to our study, the study by Arnold et al showed that groups with higher stress as measured by the 4-item PSS had a higher proportion of women and a lower proportion of whites. 29 Their study did not have information on income; however, the high-stress group had a higher proportion of individuals who "avoided care due to cost." Last, baseline data were assessed at a single time point, and stress may vary over time. Of note, a recent study using the 10-item version of the PSS showed that across 3 national surveys administered in 1983, 2006, and 2009, women reported greater stress than did men; stress decreased with increasing age, education, and income; and minorities tended to report more stress than did whites. 54 In conclusion, we found that perceived stress was associated with incident CHD and all-cause mortality for low-income individuals but not for those reporting high income, adding to prior literature reporting a significant association of stress with CVD and mortality. 14, 16, 55, 56 Our findings suggest that screening for stressors within the health care setting may be warranted among low-income individuals. Furthermore, these findings support the expansion of tailored clinical and community-based interventions aimed toward reducing stress in low-income communities, which may contribute to the reduction of disparities in CHD outcomes and all-cause mortality.
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